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TRUNK-TO-TRUNK LEAPING IN WILD CALLIMICO GOELDII IN NORTHERN BOLIVIA
Paul A. Garber! and Leila M. Porter?

'Department of Anthropology, 109 Davenport Hall, 607 S. Mathews Ave, Urbana, Illinois, 61801, USA p-garber@illinois.edu
2Department of Anthropology, Northern Illinois University, Dekalb, Illinois, USA

Abstract

Compared to other species of tamarins and marmosets, callimicos (Callimico goeldii) are characterized by hindlimb and
hindfoot elongation, and a pattern of locomotion dominated by leaping to and from vertical supports in the forest under-
story. We present field data on trunk-to-trunk leaping in a habituated group of callimicos in northern Bolivia. We measured
the DBH of the takeoff and landing platform, and the distance traveled during 110 trunk-to-trunk leaps. Our results indi-
cate that mean distance leapt by callimicos was 1.8 m (range 0.2—4.3m). There were no significant differences in the size of
takeoff (mean=10.3 cm) and landing platforms (mean=9.9 cm). In addition, longer leaps did not occur on larger diameter
supports than did shorter leaps. Although tree trunks and saplings were the most commonly used takeoff and landing plat-
forms, 31.8% of the time callimicos jumped to and from bamboo culms. These data highlight the facts that trunk-to-trunk
leaping represents a highly specialized pattern of locomotion in callimicos, and that these primates travel through mixed for-
ests that include stands of bamboo and canopy trees. Conservation efforts to sustain viable populations of Callimico goeldii
must focus on protecting and preserving habitats that contain large tracts of mixed bamboo and secondary forest.

Key Words: callitrichines; locomotion; bamboo; habitat.

Resumen

Comparado con otras especies de tamarinos y monos titfs, los callimicos (Callimico goeldii) se caracterizan por el alargamien-
to de sus extremidades posteriores y anteriores, y un patrén de locomocién dominado por los saltos a y desde substratos
verticales en el sotobosque. Presentamos datos de campo sobre saltos de tronco a tronco en un grupo habituado de calli-
micos en el norte de Bolivia. Medimos el DBH de las plataformas de despegue y aterrizaje, y la distancia recorrida durante
110 saltos de tronco a tronco. Nuestros resultados indican que la distancia promedio saltada por los callimicos fue 1.8 m
(rango 0.2—4.3m). No hubo diferencias significativas en el tamafo de las plataformas de despegue (promedio=10.3 cm)
y aterrizaje (promedio=9.9 cm). Adicionalmente, los saltos mds largos no ocurrieron en soportes de mayor didmetro que
para los saltos mds cortos. Aunque los troncos de drboles y arbolitos fueron las plataformas de despegue y aterrizaje mds
comunmente utilizadas, el 31.8% del tiempo los callimicos saltaron hacia y desde tallos de bambus. Estos datos resaltan que
el saltar de tronco a tronco representa un patron de locomocién altamente especializado en callimicos, y que estos primates
se desplazan a través de bosques heterogéneos que incluyen parches de bambu y drboles de dosel. Esfuerzos de conservacién
para sostener poblaciones viables de Callimico goeldii deben enfocarse en proteger y preservar hdbitats que contengan gran-
des extensiones de bosque de bambti y bosque secundario.

Palabras Clave: callitrichines; locomocién; bambu; habitat.

Introduction 2007), field studies indicate that all callitrichine species use
their claw-like nails to cling to large vertical and sharply
inclined supports in the forest understory (Garber, 1992).

These vertical trunks provide a stable foraging platform

Tamarins, lion tamarins, marmosets and callimicos repre-
sent a highly successful radiation of 7 genera and 42 spe-
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cies of small bodied New World monkeys (Rylands and
Mittermeier 2009). These animals exploit a variety of
mature, secondary, riparian, successional, highly seasonal,
and dry (caatinga, savanna, and cerrado) forest habitats
from Panama and across the Amazon basin extending as
far south as northern Bolivia and as far east as the Atlan-
tic Coastal forests of Brazil (Hershkovtiz, 1977; Rylands,
1996). Despite species specific differences in body mass,
hand and limb proportions (Bicca-Marques, 1999; Garber
and Leigh, 2001; Davis, 2002), and diet (Digby et /.,
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for the exploitation of resources such as bark refuging in-
sects and small vertebrates, plant exudates, and fungi that
grow on bamboo culms (Kinzey ez a/., 1975; Peres, 1986;
Garber, 1992; Youlatos 1999; Porter et al., 2009). Trunks
also are used by callitrichines as a perch from which to scan
the ground in search of arthropod prey (Garber, 1992).

Although all callitrichines use vertical clinging postures
during feeding and foraging, most species do not fre-
quently leap between vertical trunks during travel. For
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example, in Saguinus geoffroyi, Saguinus mystax, Saguinus
labiatus, S. tripartitus, and S. fuscicollis trunk-to-trunk leap-
ing accounts for only 1.5-7.7% of the total positional rep-
ertoire during travel (Garber and Leigh, 2001; Garber ez
al., 2009). In Cebuella pygmaea, trunk-to-trunk leaping is
more common (12.9% of travel), however, claw climbing,
claw clinging, quadrupedal walking/bounding, and leap-
ing on small supports (Youlatos, 1999, 2009) represent its
primary modes of travel. In the case of Callithrix, detailed
quantitative data on positional behavior are lacking, how-
ever, travel is generally described as quadrupedal with the
majority of leaping restricted to small diameter supports in
the tree canopy (Garber et al., 2009).

Callimico goeldii (hereafter referred to as callimicos) is dis-
tinct among callitrichines in the degree to which trunk-to-
trunk leaping dominates travel. In a field study of position-
al behavior in callimicos, Garber and Leigh (2001) report
that 55.1% of all leaps were between vertical supports in
the forest understory. These leaps accounted for 23% of
total travel (Garber and Leigh 2001). Similarly, Porter
(2004) found that compared to sympatric tamarins, a sig-
nificantly greater proportion of locomotion in callimicos
involved trunk-to-trunk leaping (45% of travel in callimi-
cos vs. 22% for Saguinus fuscicollis and 3% for S. labiatus).
Moreover, relative to other callitrichines, callimicos have
elongated hindlimbs that aid in generating large propulsive
forces required for leaping from noncompliant supports,
and derived features of the ankle that enhance joint stabil-
ity during takeoff and landing (Garber and Leigh, 2001;
Davis, 2002, Garber et 4l., 2005). Data from a kinematic
study of trunk-to-trunk leaping in captive callitrichines in-
dicate that when leaping across a gap of one meter both
pygmy marmosets and common marmosets are character-
ized by a low takeoff velocity and experience significant
vertical height loss upon landing (Garber ez 4l., 2009). In
contrast, callimicos were found to generate significantly
greater velocity at takeoff and to gain or maintain height
when leaping these same distances (Garber ez al., 2009).

Given that all previous accounts of trunk-to-trunk leaping
in wild callimicos are based on visual estimates of the size of
takeoff and landing platforms and the distance leaped, we
present data using direct measurements of trunk-to-trunk
leaping in wild adult callimicos in northern Bolivia. Our
goal was to collect detailed observations of leaping in order
to better evaluate habitat requirements that are critical for
the protection and conservation of this threatened primate
in northern Bolivia.

Methods

Study Group and Field Site

During June and July 2005, we collected data on trunk-
to-trunk leaping in a habituated group of three callimicos
(two adult males and one adult female) inhabiting the
forest around Camp Callimico (11°23'S, 69°06"W) in the
Department of the Pando, Bolivia (Fig. 1). The forest in
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this area is representative of sandy-clay forests of the south
and southwestern Amazon Basin (Alverson, 2000), and ex-
periences pronounced dry and rainy seasons (Porter, 2001).
Rainfall is approximately 2,000 mm per year (Porter,
2001). Over the course of full day follows, we used a metric
tape to systematically measure the diameter at breast height
(DBH) of the takeoff and landing platforms used by cal-
limicos, and the distance between them, during 110 trunk-
to-trunk leaps. Previous studies at this field site indicate
that approximately 80% of all callimico behaviors occur
within 5 m of the ground (Porter, 2004), and therefore
DBH (taken at a height of 1.5 m) is expected to be a rep-
resentative measure of the actual size of the support used.
Takeoff and landing platforms were scored either as tree
trunk or woody bamboo. All three adult group members
were fully habituated to the presence of observers and each
had been the subject of previous behavioral studies (e.g.
Porter et al., 2007). Therefore, we are confident that our
presence had a negligible effect on the locomotor behavior
or distance leaped by the callimicos. However, given their
all black coat color and the lack of individually distinguish-
able markings or hair patterns, we could not consistently
identify individuals. Therefore, data for all three adult indi-
viduals were pooled for analyses.

In order to examine the distribution of habitat types within
the study group’s home range, we divided the forest into
habitat categories based on canopy height, visibility criteria,
and the dominant plant species present. Using this method,
we identified five major habitats: primary forest with open
understory, primary forest with dense understory or matur-
ing secondary forest, bamboo forest, secondary forest, and
stream edge forest (see Porter et al., 2007). We estimated
habitat availability by recording the habitat category pres-
ent at 100m intervals (102 sample points) along all north-
south trails in the group’s home range. Comparisons be-
tween the size of takeoff and landing platforms were made
using a Student’s t-Test for paired sample means. Variance
in the size of takeoff and landing platforms was compared
using an F-Test. Correlations between the size of takeoff
platforms, landing platform size, substrate size, and dis-
tance leaped were analyzed using regression analyses. In all
statistical tests probability was set at <0.05.

Results

We measured 110 leaps in which callimicos traveled be-
tween vertical trunks in the forest understory. On aver-
age animals were located at 3.0+ 1.5m above the ground
on the take-off platform. Over 61% of leaps occurred at
heights of <3 m above the ground, and 30% occurred at
heights between 3—5 m. The average DBH of trunks used
by callimicos as takeoff platforms was 10.3+8.3 c¢m and
the average DBH of landing platforms was 9.9+8.7 cm
(Table 1). There were no statistical differences in the diam-
eter (t=0.31, df=109, p=0.75, two-tailed test) or variance
in diameter (F=0.9, df=109, p=0.29, one-tailed test) of
vertical supports used as takeoff platforms as compared to
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supports used as landing platforms. Moreover, DBH of the
takeoff platform was not correlated with the DBH of the
landing platform (r=0.04, p=0.62). The culms of woody
bamboo (Guadua weberbaueri) served as the takeoff sub-
strate in 41.8% of trunk-to-trunk leaps and as the land-
ing substrate in 48.2% of these leaps (Table 1). Overall
40.9% of callimicos’ leaps employed tree trunks as both
takeoff and landing platforms and 31.8% employed
bamboo culms as both takeoff and landing platforms.

Although we did not quantify the relative size distribution
of trunks and bamboo culms across the groups 114 ha
home range, we did quantify the presence and use of five
major habitat types. Our results indicate that despite the

Table 1. Trunk-to-trunk leaping in Callimico goeldii.

fact that bamboo forest comprised only 5% and secondary
forest only 16% of the group’s home range, callimicos spent
a total of 67% (17% and 50% respectively) of their time
in these habitats. In contrast, primary forest accounted for
74% of the callimicos’ home range, but was used only 30%
of the time. These data highlight that callimicos frequently
travel through mixed forests that include stands of bamboo
and secondary forest trees, and that large diameter primary
forest trees were rarely used as leaping substrates. Less than
3% of takeoff platforms and less than 6% of landing plat-
forms involved vertical trunks with a DBH of greater than
30 cm. Foster and Hubbell (1990) describe trees of greater
than 30 cm DBH on Barro Colorado Island, Panama as
canopy trees.

Leaping Behavior
Take Off Platform Landing Platform Distance Leaped
(DBH in cm) (DBH in cm) (m)
Mean 10.3 +8.3 9.9 +8.7 1.8+0.8
Range 2.7-71 2.7-71 0.2-4.3
Median 11.0 8.6 1.8
Substrate Type

Sample Size Sample Size
Bamboo 46 (41.8%) 53 (48.2%)
Trunk 64 (58.2%) 57 (51.8%)
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Figure 1. Map of the callimico study site in the Pando region of northern Bolivia.
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The mean distance callimicos traveled between vertical
trunks was 1.8+ 0.8 m (Table 1). The shortest leap spanned
a distance of 20 cm and the longest leap was 4.3 m. Trunk-
to-trunk leaps of 1-2 m (44.5%) and 2-3 m (30.9%) ac-
counted for 75% of all leaps (Figure 2). Less than 1% of
leaps were greater than 4 m. During the landing phase of
all trunk-to-trunk leaps, callimicos’ forelimbs contacted
the landing platform in advance of their hindlimbs.

Overall, we found no significant relationship between
distance leaped and the size of either the takeoff (r=0.03,
p=0.74) or landing platform (r=0.001, p=0.98). In addi-
tion, the diameter of takeoff and landing platforms used
during the shortest leaps (<1 meter) did not differ from
those used during the longest leaps (23 m) (takeoff plat-
form t=0.25, p=0.39; landing platform t=-0.02, p=0.48).
Table 2 lists the size of takeoff and landing platforms during
the shortest and longest leaps. This suggests that given their
small body size and elongated hindlimbs, callimicos can
generate large propulsive forces pushing off both relatively
small (5 cm DBH) and relatively large (71 cm DBH) di-
ameter vertical trunks (Table 1).

We also examined takeoff and landing platform DBH
and leaping distance when callimicos traveled on bamboo
culms compared to tree trunks (Table 3). As a substrate,
bamboo culms were significantly smaller than tree trunks
(t=-9.34, p<.0001). The distance leaped when moving
from bamboo culm to bamboo culm (mean of 1.63 m) was
marginally shorter than the distance leaped when moving
from one tree trunk to another (mean of 2.02 m) (t=1.95,
p=0.054). Moreover, when trunks were used as a take-
off platform (even in cases of trunk to bamboo leaping),

distances leapt were consistently longer than when bamboo
culms were used as the takeoff platform (t=2.47, p<0.015).
Although shorter distances leapt when traveling on bamboo
may reflect the fact that bamboo culms grow in dense patch-
es, it is also possible that rigid tree trunks provide a more
stable takeoff platform during leaping than hollow bamboo
culms allowing the animals to leap longer distances.

Discussion

Based on presently available field and captive studies, cal-
limicos appear to be the only callitrichine species charac-
terized by a suite of specialized morphological and behav-
ioral traits associated with trunk-to-trunk leaping (Garber
et al. 2009). Our results indicate that during trunk-to-
trunk leaping callimicos generally leapt distances of 1-3 m
(mean=1.8 m) in the forest understory. These takeoff and
landing platforms varied in diameter from approximately
3-71 cm (DBH), however, most leaps occurred on relative-
ly small substrates (mean support diameter= 10 ¢cm) includ-
ing small trunks, saplings, and bamboo culms. Overall, 59%
of all trunk-to-trunk leaps in callimicos involved bamboo
culms as either takeoff or landing platforms, and 31.8% of
leaps involved bamboo culms as both takeoff and landing
platforms. Relative to body mass, callimicos possesses both
a highly elongated hindlimb (femur and tibia) and hind-
foot (distance from calcaneous to the most distal extent of
the metatarsals) compared to other callitrichines (Garber
and Leigh, 2001). The callimicos also are characterized by
the lowest intermembral index [(ratio of humerus + radius)/
(femur + tibia) x 100] of any tamarin or marmoset spe-
cies (Davis, 2002). Hindlimb elongation has been argued
to represent an adaptation for trunk-to-trunk leaping (e.g.

Table 2. DBH of takeoff and landing platforms for the shortest and longest leaps.

Take Off Platform Landing Platform Distance Leaped
(DBH in cm) (DBH in cm) (m)
LEAPS <1 (N =20)
Mean 11.6 £ 12.9 109+ 9.3 0.68 + 0.25
Range 3.5-57.3 2.7-38.8 0.2-1.0
LEAPS >3M (N =10)
Mean 10.5 + 6.0 10.9 + 8.4 3.42 + 0.47
Range 4.7-25.1 5.0-33.1 3-4.3
Table 3. Distance leaped to and from different substrates.
Take Off Platform Landing Platform Distance Leaped
(DBH in cm) (DBH in cm) (m)
Bamboo to Bamboo
(N=35) 5.13 +1.59 5.18 +1.76 1.63 + 0.70
Bamboo to Trunk 471098 15.14 £ 7.77 1,52+ 0.59
(N=11)
Trunk to Bamboo
(N=19) 13.32 + 6.66 5.07 + 1.69 1.85+0.70
Trunk to Trunk
(N =45) 14.35 + 31.36 14.19 + 34.10 2.02 +0.99
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“vertical clinging and leaping”) in several species of pros-
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imians (e.g. Indri, Propithecus, Avahi, Galago, Lepilemur,
Hapalemur, Tarisus; Demes et al., 1995; Nekaris and Beard-
er, 2007) and one other species of New World primate,
Pithecia pithecia (Walker 1998). Elongated hindlimbs
improve leaping abilities as they increase the duration of
time over which the body can be accelerated during takeoff
(Garber, 2007). In contrast to vertical clinging and leaping
prosimians and Pithecia, callimicos (and all callitrichines)
land forelimbs-first rather than hindlimbs-first (Garber ez
al. 2009). Forelimbs first landings impart high compressive
forces on wrist, elbow, and shoulder girdle. How exactly
callimicos dissipate these forces remains unclear. However,
forelimbs-first landing is common among anthropoids,
most of which, are not specialized leapers.

Based on over 1640 hours of observations of our study
group from 2002-2006, we estimate that our callimico
study group exploited a home range of 114 ha (Porter ez al.,
2007). Although the home range was composed principally
of primary dense understory forest (74%), secondary forest
(16%) and bamboo forest (5%), areas of woody bamboo
and secondary forest were used by callimicos at signifi-
cantly greater frequencies than expected based on habitat
availability (17% and 50% of observation time respective-
ly) (Porter et al., 2007). Bamboo and secondary forests are
characterized by an extremely dense and thorny understory
containing considerable numbers of small to medium sized
vertical supports. We have previously suggested (Porter and
Garber, 2004) that based on their cryptic mode of behav-
ior, black pelage, and virtually exclusive use of the lowest
levels of the forest understory, trunk-to-trunk leaping
may enable callimicos to reduce predation risk from both
aerial and terrestrial predators by concealment and rapid
escape. Moreover, bamboo forests provide callimicos with
a major component of their diet, Ascopolyporous, a fungus
that grows exclusively on the culms and branches of woody
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Figure 2. Frequency of trunk-to-trunk leaping in Callimico
across different horizontal distances.
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bamboo (Guadua weberbaueri) (Hanson et al. 2006; Porter
et al., 2007). Porter and Garber (in prep) report that fungi
is consumed by callimicos during both the wet and dry sea-
sons, and accounted for 42% of yearly feeding time. Fifty-
eight per cent of the fungi consumed by callimicos in our
study group were Ascopolyporous.

We conclude that trunk-to-trunk leaping represents a
highly specialized pattern of locomotion that distinguishes
callimicos from all other callitrichine species. The callimi-
cos’ use of vertical supports in the forest understory ap-
pears to be directly tied to its feeding ecology (exploita-
tion of trunks to obtain bamboo fungi and as a foraging
platform to locate insect prey), antipredator behavior, and
rapid mode of travel. Several species of birds and insects
are described as bamboo specialists (Lebbin, 2007) with
part or all of their ranges restricted to forests dominated
by Guadua bamboo. According to Lebbin (2007: 126)
Amazonian bamboo habitats are characterized by high pri-
mary productivity, and a “combination of rich arthropod
resources, a highly distinctive vegetation structure, occur-
rence across large geographic areas and [exist] in relatively
large patches.” Although it remains unclear the degree to
which the callimicos™ distribution and feeding ecology are
dependent on the presence and availability of bamboo
habitats, we suggest that conservation efforts to sustain
viable populations of callimicos must focus on protecting
and preserving habitats that contain large tracts of mixed
bamboo and secondary forest.
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